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ABSTRACT 

Amputation is a common military and civilian surgery with high morbidity. Patients without prostheses 
due to neuroma pain lose productivity and lifelong contributions, which is often underestimated. The 
surgical and non-surgical treatment of painful stump neuromas is controversial. An evidence-based as-
sessment and cost-benefit analysis of painful stump neuroma management modalities emphasizes insti-
tutional awareness and disruptive technologies. An Oxford Centre for Evidence Based Methodology 
critical appraisal and structured literature review were used in the research. We found 154 records using 
a reproducible literature search strategy that included electronic databases and references. A full review 
of 27 manuscripts after exclusion criteria yielded data for analysis. Surgical, injectable, and electromag-
netic spectrum methods were used. Surgical interventions had longer follow-up times than injection and 
radiofrequency treatments, which affected outcomes. CEBM level 4 evidence dominated primary litera-
ture, indicating low quality. No therapy was superior, but the risks varied. Injection therapies like scle-
rosing alcohol had limited success and side effects. Despite limited evidence, electromagnetic spectrum 
modalities showed potential. Including direct and indirect costs, amputation stump refitting costs mil-
lions annually. Compared to outpatient non-surgical interventions, laser therapy could save a lot of 
money. According to the study, surgical interventions are common but expensive and have limited func-
tional success. Low-risk non-surgical methods like co-ablation, pulsed radiofrequency, and transcutaneous 
laser therapy have mixed results. The short follow-up of all non-surgical studies seems to limit them. 
Follow-up duration is crucial to outcome assessment. Long-term, low-risk laser-induced thermotherapy 
is promising for future research. This study emphasizes the need for more research and the economic 
benefits of disruptive technologies in treating painful stump neuromas. 
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Introduction 
 
Amputations is a common surgical procedure, within 
both military and civilian life.1,2 Amputation carries a 
high morbidity.3 In the USA, 134,000 amputations are 
performed annually, 4 A patient who, for any reason, 
cannot wear their prosthesis, suffers significant and often 
understated economic cost, with a domino effect on life-
time economic productivity and contribution. Neuroma 
pain is a major cause of morbidity and prosthesis re-
fashioning. Literature reports multiple modalities of 
treatment – both surgical and non-surgical, in current 
use, to address painful stump neuromas.  
Management of painful stump neuromas does not cur-
rently benefit from consensus. Within the UK, the 
American Pain Society only provides guidelines for 
opioid treatment in non-cancer pain and interventional 
management for back pain, and no European guidelines 
were identified.5 More recent literature reports a change 
in approach to the identification and multi-modality 
management of the underlying mechanisms, such as 
supraspinal, spinal, and peripheral.6 This manuscript 
undertakes an appraisal and cost-benefit analysis for the 
major modalities of management, and institutional 
awareness and explores novel, disruptive technology.  
 
 
Materials and Methods 
 
This study applied an evidence-based critical appraisal 
of the literature methodology in order arrive to at its rec-
ommendations.7 This methodology is based on a repro-
ducible search of the literature, followed by a 
comparative analysis of the literature, and is suitable for 
analysis of a heterogenous coterie of studies such as the 
one in this study. This method is well-established in the 
literature.8-10 
 
Search strategy 
 
An electronic search for primary literature was per-
formed on the following search engines: MEDLINE, 
PubMed, Embase, Cochrane Library, Ovid Sp. (January 
1990 onward). A broad Boolean search string was per-
formed using the search string with truncated headings 
as follows: “neuroma*” AND “pain*” AND amputation 
AND (treatment OR cost OR cost-benefit). Mesh head-

ings were also examined for other relevant terms relating 
to the various techniques used in painful neuroma man-
agement. Web Knowledge ™ was used to forward- and 
back-reference the primary literature. Following the 
screening of titles and abstracts, experimental studies, 
studies investigating mixed mechanism injury, and those 
not exclusively involving amputation data were excluded 
from further analysis. Studies investigating phantom 
pain, pharmacotherapy, complementary therapy, central 
nervous system, non-limb injury, and non-human 
studies were excluded. Due to the scarcity of high-quality 
data supporting the interventions, a literature synthesis 
rather than systematic review and metanalysis was per-
formed.11,12 
The search returned 154 records. The Cochrane Li-
brary returned no result. Following the application of 
exclusion criteria and removal of duplicated material, 
through a Boolean search using the NOT prefix, 132 
manuscripts were excluded. Web of Knowledge refer-
encing included a further 7 manuscripts. These 27 
manuscripts were read in full and a further 13 studies 
were excluded (Figure 1).  
 
 
Results 
 
Quality of the evidence 
 
The majority of primary literature identified in this study 
reports on various surgical techniques. These include trac-
tion neurectomy, vein implantation, burial technique, 
perineural adhesion, and nerve-to-nerve adhesion.  
Sehirlioglu et al.14 demonstrated that the formation of 
neuromas takes approximately 12 months to form, yet 
9 of 14 studies had shorter follow-up periods which 
suggests an overestimation of the true, long-term po-
tential of some interventions. Primary literature repor-
ting on surgical interventions reports an average 
follow-up time of 31±7 months (mean ±SD) (Table 1). 
Injectable/cryoablation methods on the other hand had 
a substantially shorter followup time of 7±4.5 months 
(mean±SD). Non-surgical interventions, on the other 
hand, had an average follow-up time of 4.7±1.9 
months (mean±SD), with one exception, where three 
neuromas treated with laser were followed up for 8 
years. It is therefore clear that in the present literature, 
follow-up time is a major source of bias when compar-
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ing surgical to injection and radiofrequency treatment. 
A single and notable exception is Algermissen et al., 
who used laser-induced thermotherapy, and followed 
up patients for 8 years. Unfortunately, only three pa-
tients were included in this case series. A methodologi-
cal appraisal of the manuscript against the Oxford 

Centre for Evidence Based Medicine’s hierarchy of evi-
dence27 suggests that current literature is based on evi-
dence of limited quality, and mostly based on level 4 
evidence (Table 1, 2 and 3). 
A recent, well-conducted systematic review reports that 
no single therapeutic modality showed superiority.3 

Figure 1. Literature search strategy.

Table 1. Currently used modalities in the literature – surgical. 

Technique                                 Study (et al.)          Study size/type/                      Outcome             Mean follow-up                Comments 
                                                                                evidence level                                                         (months)                               

Neurectomy muscle-reimplant       Ducic13                         21                                Mean VAS                      22.8                  15 AKA/BKA; 6 UL 
                                                                             Retrospective cohort           reduction from 8.04  
                                                                                       Level 4                                to 1.07                              

Traction Neurectomy                 Sehirlioglu14                      75                     All pain-free at follow up           33.6                  No mention of pain 
                                                                          Retrospective case series                                                                                 measurement tools 
                                                                                       Level 4                                                                                            No detail of surgical 
                                                                                                                                                                                                    methodology 

Traction neurectomy                        Pet15                            38                             58% pain free                     37                 24% Lost to follow up 
                                                                          Retrospective case series                                                                          No radiology to document  
                                                                                       Level 4                                                                                           diagnosis or follow-up 

AKA, above knee amputation; BKA, below knee amputation; UL, upper limb; VAS, visual analog scale.
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Table 2. Currently used modalities in the literature – injectable.  

Technique                                 Study (et al.)          Study size/type/                      Outcome             Mean follow-up                Comments 
                                                                                evidence level                                                         (months)                               

Alcohol injection                             Lim16                            2                   Mean VAS reduction in pain:          3                        Short follow-up, 
                                                                                  (Case reports)                          case one                                                      small sample, 
                                                                                       Level 5               (1:10 to 3; case two 8.5 to 4)                                 US used to visualize  
                                                                                                                                                                                             neuroma but not used  
                                                                                                                                                                                                     in followup 

Alcohol injection + RF                  Zhang17                         13                      54% achieved pain relief              6                 Scores for different types 
(US guided)                                                         Prospective unmatched      after 3 alcohol injections                                 of pain given, difficult to 
                                                                                        cohort                                                                                              assess overall result 

Phenol injection                            Gruber18                        82                                VAS score:                        6                  Small size; poor patient 
                                                                               Prospective cohort            13% pain-free at 6m;                                   compliance; 5.8% minor  
                                                                                       Level 4                     25% nearly pain-free;                                   complication rate; 1.3%  
                                                                                                                 10% minor complication rate                                 major complication 

Cryoablation                               Neumann19                      10                        Three-step pain scale               12                     Anecdotal evidence 
                                                                                     Case series               At 12 months, 3 patients                                     No other outcomes 
                                                                                       Level 4                       had pain better to                                                 mentioned 
                                                                                                                       before treatment, but                                      One patient reported 
                                                                                                                 7 patients had recurring pain                                pain being worseafter 
                                                                                                                                                                                                       treatment 

Steroid injection                        Kesikburun20                     14                            Mean VAS score                    6                  Limited study duration,  
                                                                               Cohort no control          7.6 to 3.5 on prosthesis                                            no controls 
                                                                                       Level 4                         21% of patients  
                                                                                                                         failed management 

VAS, visual analog scale; US, ultrasound.; RF, radiofrequency; US, ultrasound.

Table 3. Currently used modalities of management: electromagnetic spectrum.  

Technique                                 Study (et al.)          Study size/type/                      Outcome             Mean follow-up                Comments 
                                                                                evidence level                                                         (months)                               

Coblation                                      Zhang17                      1 AKA                             VAS score:                        6                       Used US imaging  
                                                                                    Case report              Pain reduced from 8-2/10                                         fordiagnosis 
                                                                                       Level 5                                                                                             and as therapy aid 

Pulsed RF                                       Kim21                       1 AKA                     Decreased VAS score                6                        Short follow-up 
                                                                                    Case report           8.5-4.5 on wearing prosthesis                               Used steroid injection 
                                                                                       Level 5                                                                                           in addition to PRFUS  
                                                                                                                                                                                              used for diagnosisbut  
                                                                                                                                                                                                    not follow-up 

US guided                             Restreop-Garces22              1 BKA                              VAS score                         6                US not used for follow up 
Pulsed RF                                                                     Case report                  reduced from10 to 3 
                                                                                       Level 5                                                                       

US guided                                      West23               4 BKA case series           VAS scores at 6 months              6                    Short follow-up time 
Pulsed RF                                                                                                         5-8 point reduction                                          Small sample VAS 
                                                                                                                                                                                         not mentioned for one case  
                                                                                                                                                                                                 No complications  
                                                                                                                                                                                                    were reported 

Pulsed RF                                      Wilkes24                     1 BKA                              VAS score                         4                    Low-quality evidence 
                                                                                    Case report  
                                                                                       Level 5                                      

Transcutaneous laser                     Gimber25         31 Morton’s neuromas         In 93% of neuromas,               1.7                   Short follow-up time 
                                                                             Retrospective review      pain was reduced or absent 
                                                                                       Level 4                                                                        

Laser-induced                           Algermissen26                      3                       100% reduction in pain          48-56                    Small sample but 
thermotherapy (single fiber)                                          Case series                                                                                         substantial follow-up 
                                                                                       Level 4                                      

RF, radiofrequency; US, ultrasound; BKA, below knee amputation AKA, above knee amputation; VAS, visual analog scale; US, ultrasound.
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Even within this review, the 4 treatment modalities re-
porting the highest promise (targeted nerve implanta-
tion, traction neurectomy, nerve-to-nerve anastomosis, 
and perineurial gluing) were based on studies limited by 
short follow-up times. Interventions do, however, vary 
by the risk of harm, therefore there is a secondary mor-
bidity associated with the intervention itself.  
 
Critical appraisal of management methods 
 
Post-amputation neuroma pain is cited as one of the 5 
main reasons for surgical revision. While the complica-
tion rates of revision amputation are extensively dis-
cussed elsewhere, outcomes regarding the primary 
therapeutic (as opposed to surgical) outcomes are infre-
quently reported. A recent study by Bourke et al. illus-
trates this difference, whilst surgical success was reported 
to be around 50%. only 12.5% reported an improve-
ment in SIGAM (Special Interest Group in Amputee 
Medicine) scores.28  
Moreover, none of these studies mention the method by 
which the nerves are transected. Nor do they specify the 
loss to follow-up, the specificity of the symptom studied 
to neuroma recurrence. 
  
Injection therapies (alcohol, phenol, steroids, 
and cryoablation)  
 
Follow-up data for patients undergoing phenol injection 
is particularly scarce and limited to six months. The in-
cluded study reports a high dropout rate for the total 
course of three phenol injections per neuroma. Phenol 
injections reported a high incidence of side effects in-
cluding a 10% minor complication rate and a 3.8% rate 
of soft tissue necrosis. In the same study, no patient was 
free at 6 months (the follow-up reported) despite it being 
well-known that neuroma reformation occurs around 
the 12-month benchmark. Injection of sclerosing alcohol 
is currently supported as an effective method by the li-
mited level 5 evidence (Table 2). 
Although there is some experimental evidence to suggest 
that post cryoablation, neuronal re-growth is more or-
ganized, this is not yet bourne out by the available evi-
dence, where 70% of patients had recurring pain (or in 
one patient, worse pain) at the 12-month benchmark 
(Table 2).3 Steroid injection is supported by one study 
of a small sample size, with no comparator group, with 

a short follow-up (Table 2). Moreover, the study does 
not mention there are any complications, and for this 
reason, it is difficult to debate the risk-benefit of steroid 
injections.  
 
Management using electromagnetic spectrum modalities 
 
Studies regarding coblation, pulsed radiofrequency, and 
ultrasound-guided pulsed radiofrequency are currently 
limited to level 4 and level 5 evidence, with case 
numbers not exceeding 4 patients per study, and with 
no longer than 6 months' duration. Despite these limi-
tations, no side effects were reported. Therefore low 
quality evidence supports its use as a low-risk, modest 
success modality.  
 
Cost-benefit analysis 
 
Recent data show that a total of £2,070,073 non-pay 
costs are associated with amputation stump refitting per 
year in Scotland (Table 4). 
Assuming a direct correlation between Scotland and the 
rest of the UK (64 million), this is extrapolated into a 
cost of £26,491,693,4. This notional value excludes sal-
ary costs of rehabilitation and inpatient costs. It also 
excludes the full economic cost of the labor market. A 
conservative estimate for 173 operations at £1000 per 
hour and 2 h operating turnaround time is £1,730,000. 
This translates into a conservative estimate of 
£28,221,196.4. Revisions for neuromas account for ap-
proximately 15-30% of the total throughput. A civilian 
conservative estimate of the direct costs associated with 
the problem in the UK is £4.3 to 8.6 million per year. 
Considering the multiplier effect on a 40-year-old am-
putee with 25 years of working life affected at 50% of 
minimum salary cost, a conservative estimate of the 
lifetime cost to the economy is £432,000,000.  
 

Table 4. Yearly non-pay cost of amputation stump re-fits in Scotland 
UK per item, excluding rehabilitation (population 5.3 million). 

Item                                        Multiples             Cost 

Microprocessor knees                     33            1,300,191.33 

Hydraulic and smart ankles           116               410,116 

Multiarticulating hands                   8                  214483 

Sporting devices                             16                 97,381
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Cost analysis 
 
Operating suites represent some of the costliest areas of 
hospitals in the UK with an average cost of £1200 per 
hour.29 Added to this are the costs associated with vari-
able recovery times, requirement for higher dependency 
areas, hospital bed-stays, and follow-up management. 
Additionally, the operating suite represents a mix of both 
fixed and variable costs.  
In contrast, non-surgical procedures that can be per-
formed on an outpatient basis are estimated to cost the 
UK NHS between £95 -500 per new patient appoint-
ment, or approximately US$ 35.5 per minute of oper-
ating time in the USA.30,31 In addition, fixed capital 
expenditure (CAPEX) costs may also need to be factored 
into this equation. This variable may be more important 
when considering novel therapeutic modalities.  
The cost-effectiveness of laser therapy compared to sur-
gical interventions has been extensively studied and in-
vestigated in various contexts. Two prominent studies 
concur on the potential benefits, which encompass not 
only direct and indirect advantages to healthcare insti-
tutions but also broader ripple effects on the overall 
economy. Hulltmann et al., in a comprehensive study 
involving 800 patients, suggest that the application of 
laser therapy for hypertrophic burn scars substantially 
reduces expenditures for healthcare providers, insurers, 
and patients alike.32 Miletta et al. corroborates these 
same findings across an expansive spectrum of military 
procedures, affirming that the implementation of laser 
services leads to efficacious and economically sound 
management with decreased complications.33 
Our independent study, which analyzes the patterns in 
resource utilization for secondary burn reconstruction 
across more than 22 years at a prominent tertiary hospi-
tal in the United Kingdom, goes beyond simply estab-
lishing an inverse relationship between increased laser 
therapy usage and burn surgery procedures. We identify 
a consistent trend: minor increments in laser therapy 
yield substantial reductions in secondary burn surgeries 
performed at the same institution, amounting to a no-
table 47.3% decrease in such surgeries. Additionally, 
rates of complications following laser surgery are less fre-
quent and less severe compared to traditional surgery, re-
sulting in an accumulative decrease in the overall service 
costs, as well as associated support services like infection 
control and intensive care.34 Similarly, in our recent 
paper discussing a 5-year follow-up of patients with cut-

aneous basal cell carcinoma treated with carbon dioxide-
assisted Photodynamic therapy, we reported a saving of 
£235 per basal cell carcinoma. At NHS at 2015 prices, 
that equated with a 43% saving, or a national annualised 
saving of £70 million by 2025 for the NHS.35 Although 
the evidence for the laser is at this stage only reliant on 
case series, it is worth mentioning that these case series 
have a much longer follow-up than the plethora of other 
studies in the tables above. The potential for significant 
cost savings if this therapy were to be developed further, 
is therefore worth exploring.  
 
Novel therapeutic modalities and direction  
of future research 
 
Single-fiber Laser-induced thermotherapy (LITT) has 
been reported in a single study that uses solid-state lasers, 
and single fiberoptics to precisely deliver energy to target 
nerves. Evidence is currently limited to a Level 4 study 
in humans. However, this case series benefitted from a 
remarkable follow-up time of up to 8 years (Table 3). 
LITT is well-established in neurosurgery for the selective 
ablation of brain tumors, first introduced by Brown in 
1983, and has since been revisited and refined in light 
of new technical advancements in the field.36 Recent 
technical advancement allows super-selective ablation of 
brain tissue under MRI control, achieving selective ther-
mal injury of pathological tissue while maintaining a 
sharp thermal border between the tumor and normal 
brain tissues.37 Future studies in this direction would 
represent a worthwhile direction of travel considering 
that solid-state, single fiberoptic systems are generally 
less expensive to maintain, are more robust and the 
procedures may be performed in an outpatient setting.  
 
Recommendations 
 
Considering the current best evidence available, surgery 
continues to be the therapeutic modality underscored by 
level 4 evidence with adequate follow-up times. However 
functional (as opposed to surgical) success rates are li-
mited for what is one of the more expensive procedures 
analyzed in this study (Grade of recommendation: C).  
Limited level 5 evidence supports the use of Coblation; 
Pulsed radiofrequency, ultrasound-guided pulsed radio-
frequency, as a low-risk intervention of modest medium-
term success. All studies lack adequate follow-up time. 
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(Grade of recommendation: D). Level 5 evidence reports 
that phenol injection does not have any particular advan-
tage over other non-surgical modalities but is linked to a 
higher incidence of minor and major side effects, for this 
reason, it should not be recommended for non-experts 
(Grade of recommendation: D). Transcutaneous laser ap-
plications show promise as a long-term, low-risk, and cost-
effective solution which merits further investigation.  
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